[Abstract] Spinal cord injury (SCI) in mammals leads to failure of both sensory and motor functions, due to lack of axonal regrowth below the level of injury as well as inability to replace lost neural cells and to stimulate neurogenesis. In contrast, fish and amphibians are capable of regenerating a variety of their organs like limb/fin, jaw, heart and various parts of the central nervous system (CNS). Zebrafish embryo and adult has become a very popular model to study developmental biology, cell biology and regeneration for various reasons. Adult zebrafish, one of the most important vertebrate models to study regeneration, can regenerate many of their body parts like fin, jaw, heart and CNS. In the present article we provide information on how to inflict different injury modalities in adult fish spinal cord. Presently, the significant focus of mammalian SCI is to use crush and contusion injury. To generate an entity comparable to the mammalian mode of injury, we have introduced the crush model in adult zebrafish along with complete transection injury, which is also known to be a valuable model to study axonal regeneration. Here we provide full description of the highly reproducible surgical procedures including some representative results. This protocol has been adapted from our previous publications, viz. Hui et al., 2010 and Hui et al., 2014 . Briefly, we have described the two different injury modalities, crush and complete transection, and demonstrated the outcome of inflicting these injuries in the adult zebrafish cord by histological analysis of the tissues.
2 against this model is that, it does not appropriately mimic SCI in human, since there is no tail structure in humans and the nature of the injury is different.
In teleosts, the most important lesion paradigm that has been widely used to study spinal cord regeneration is complete transection (Becker et al., 1997; Goldshmit et al., 2012) . Transection refers to complete severing of cord which can often lead to spinal shock in humans. It occurs rarely in comparison to hemisection which commonly occurs in gunshot wounds. Transection could be the appropriate model to study axonal regeneration since there is no axonal sparing after transection injury and some believe that axonal sparing itself could augment regeneration in mammals (Basso et al., 1996) .
On the other hand, compression and crush injuries are most prevalent in mammals under experimental conditions and in human accidental injury conditions (Thuret et al., 2006) . In search for an appropriate injury model to study the regeneration in teleost, we successfully established a standardized crush injury model in zebrafish, which is comparable to the mammalian mode of injury (Hui et al., 2010) .
Among all the experimental paradigms mentioned, standardized crush injury is the most suitable model to understand both the mammalian and the teleostean scenario compared to transection or tail amputation models. The outcome of crush injury varies when compared to transection injury, as in crush injury secondary degenerative response elicits axonal degeneration, whereas in transection injury axonal tracts are disengaged almost immediately after injury. 
Materials and Reagents

Video 1. Inflicting spinal cord injury in adult zebrafish
www.bio-protocol.org/e2043 Figures 2 and 4 , where the injury epicentre is marked with an asterisk). iv. One can use the bony projections of vertebral column and mark the corresponding fin rays of dorsal fin as a land mark. We cannot perform laminectomy in zebrafish spine, as we do while inflicting SCI in mouse, because the vertebral column is too thin here.
After completing injury, surrounding muscle tissues are placed back to cover the injury site and only a single suture can be given through skin to reduce the wound size.
v. Fishes are returned into shallow water in a Petri dish and water is gently blown over the gills using a plastic pipette so that fish can recover from anaesthesia quickly and can swim on their own. Fishes are finally transferred to larger tanks and allowed to regenerate for a specified period of time at 28 °C. ii. After carefully scrapping the muscle beneath the wound, spinal cord encased in the vertebral column can be visualised clearly. On reaching the vertebral column deep to the wound site, the spinal cord is completely transected using a micro-dissecting spring scissors (Figures 3 and 4) .
iii.
As spinal cord is a soft spongy tissue, a sharp cut through the gap between the two vertebrae by the two blades of micro-scissors is enough to ensure complete transection separating the rostral and caudal stumps completely from each other. The injury epicentre is marked with an asterisk in Figure 4c . The injury would lead to paralysis of posterior part of the body. After completing injury procedures, surrounding muscle tissues are placed back to cover the vertebral wound. The suture may be given through the skin ( Figure S1 ) or tissue glue can be used (optional) to reduce the wound size.
Fishes are returned to a shallow water tank and water is blown gently over the gills using a plastic pipette so that fish can recover from anaesthesia quickly.
iv. Fishes are finally transferred to larger tanks and allowed to regenerate for a specified period of time at 28 °C. 
Data analysis
Injury protocols were standardized in our laboratory where hundreds of animals have been used for our array analysis (Hui et al., 2014) . We could injure 30-40 animals in a day. All the histological analysis with the spinal cord tissues were repeated 3-5 times. The pictures shown here are not repeated in other publications. However, time course analysis of regeneration in zebrafish cord was previously published (Hui et al., 2010 , http://www.suklaghosh.com).
Notes
1. Two very simple yet standardized protocols for inflicting crush and transection injury in adult zebrafish cord have been described. The reproducibility of these injury modalities can be followed by analysing the tissue sections stained with different staining protocols like luxol fast blue and cresyl violet or Mallory's trichrome staining or even routine hematoxylin/eosin staining.
